Abstract The phenology and habitat selection of polar bear (Ursus maritimus) maternity dens may shift over time in response to changing environmental conditions. We compared maternity den phenology and habitat characteristics using satellite telemetry data from adult female polar bears from the Baffin Bay (BB) (n = 16 dens; [2009][2010][2011][2012][2013][2014][2015] and Kane Basin (KB) subpopulations (n = 3 dens; 2012-2015) to previously published maternity den data from 1991 to 1997 (BB n = 8 dens; KB n = 3 dens). BB maternity denning duration decreased from a mean of 194.1 days (SD = 21.0 days, n = 8) in the 1990s, to a mean of 167.1 days (SD = 27.6 days, n = 16; p = 0.017) in the 2000s. Delayed den entry accounted for shorter denning durations (1990s entry date x = 7 September; 2000s entry date x = 5 October; p = 0.018). For dens habitat characteristics of which could be measured, BB maternity dens in the 2000s occurred at higher elevations ( x = 707.0 m, SD = 284.9 m, n = 15; p = 0.003) and greater slopes ( x = 23.1°, SD = 7.4°; p = 0.003) than the 1990s (elevation x ± SD = 351.3 ± 194.5 m, n = 8; slope x ± SD = 11.9 ± 6.4°). Aspect also significantly differed between the 1990s ( x = 51.3°) and 2000s BB maternity dens ( x = 199.7°; Watson's U 2 p = 0.042). KB dens were not statistically compared due to low sample size (n = 3 dens in both periods). Shifts in sea ice phenology and snow availability may explain the observed changes.
Introduction
Shifts in phenology and distribution are among the most readily observable biological responses to habitat modifications brought on by climate change (Sparks and Menzel 2002; Walther et al. 2002; Parmesan and Yohe 2003; Thackeray et al. 2010) . Phenological traits characterize the timing of important life history events and are intimately associated with seasonal cues such as variation in temperature (Andrewartha and Birch 1954; Badeck et al. 2004) . There is mounting evidence that warmer ambient mean temperatures are altering the seasonal phenology of many systems, such as earlier leaf budding and egg-laying in the spring (Parmesan and Yohe 2003; Root et al. 2003) . Habitat-use and population distributions are similarly governed by abiotic factors such as temperature and precipitation, and some species are shifting their ranges polewards and to higher elevations in response to rising temperatures (Peters 1992; Parmesan and Yohe 2003; Root et al. 2003; Parmesan 2006; Parry et al. 2007) .
The ecological impact of climate change is expected to be most pronounced at high latitudes (Root et al. 2003) , including the Arctic where annual mean temperatures are rapidly increasing (IPCC 2014) . Physiological constraints of Arctic species limit their ability to expand their range (Parmesan 2006; Williams et al. 2010) , and ice-adapted organisms are facing extensive habitat loss (Laidre et al. 2008; Wassmann et al. 2011) . Since the 1970s, the extent of the Arctic sea ice has declined by an average of 3.8% per decade and wintertime ice has thinned by 2 m (Vaughan et al. 2013) . Furthermore, the total volume of sea ice has been dramatically reduced year-round (IPCC 2014) , and break-up is occurring earlier in the year while freeze-up is occurring later in the autumn (Laidre et al. 2015a ). For Arctic marine mammals uniquely adapted to life with the sea ice, such as polar bears (Ursus maritimus), sea ice loss is expected to cause distributional shifts, declines in body condition, and reduced reproduction rates and populations Kovacs et al. 2011; Bromaghin et al. 2015; Laidre et al. 2015a) .
Polar bears occupy annual and multi-year sea ice habitats over continental shelves throughout the Arctic where their primary prey species, ringed seals (Pusa hispida), are found (Stirling and Archibald 1977; Smith 1980) . Sea ice serves as a hunting platform from which polar bears find prey, as well as a migration corridor (Stirling 2009 ). Widespread loss of sea ice habitats has led to negative impacts for polar bears, including reduced body size and condition (Rode et al. 2010 (Rode et al. , 2012 (Rode et al. , 2014 ; decreased survival among juvenile, subadult, adult females, and senescent bears (Regehr et al. 2007 Bromaghin et al. 2015) ; shifts in habitat use from annual ice to areas with lower ice concentrations and/or multiyear ice (Laidre et al. 2015b) ; and increased use of terrestrial habitats (Fischbach et al. 2007; Schliebe et al. 2008; Rode et al. 2015; Olson et al. 2017) .
The impact of climate change on polar bear reproductive behavior, specifically maternity den habitat selection and phenology, is poorly understood. Like other bear species, polar bears give birth in maternity dens during the winter months (Harington 1968; Blix and Lentfer 1979) . Female polar bears normally reproduce every 2-3 years and mate during the spring season (Lønø 1970; DeMaster and Stirling 1981; Ramsay and Stirling 1988) . In autumn, pregnant females excavate dens where they will give birth to 1-3 altricial cubs between December and January (Blix and Lentfer 1979; Ramsay and Stirling 1988; Wiig 1998; Ferguson et al. 2000) . After they emerge from the den sometime in March-April, the cubs will remain with their mother for around two and a half years before embarking on their own (Ramsay and Stirling 1988) .
While only pregnant females over-winter in dens, bears of other age, sex, and reproductive classes may take shelter in dens during periods of extreme temperatures, to escape inclement weather, or to conserve energy when food is unavailable (Harington 1968; Jonkel et al. 1972; Schweinsburg 1979; Derocher and Stirling 1990; Ramsay et al. 1991; Messier et al. 1994; Ferguson et al. 2000) . Bears typically occupy shelter dens between 14 and 20 days (Messier et al. 1994; Born et al. 1997) , whereas mother polar bears will remain in maternity dens between 90 and 197 days (Born et al. 1997; Wiig 1998; Ferguson et al. 2000) .
Some have speculated that a decrease in sea ice will lead to a change in polar bear denning phenology (e.g., Wiig et al. 2008) . However, previous studies examining polar bear denning phenology and habitat are few and focus on only some of the 19 polar bear subpopulations, including Southern Beaufort Sea (Fischbach et al. 2007; Olson et al. 2017) , Western Hudson Bay (Ramsay and Stirling 1990; Richardson et al. 2005) , East Greenland (Laidre et al. 2015b), McClure Strait and Viscount Melville Sound (Messier et al. 1994) , and the Barents Sea (Derocher et al. 2011) . The connection between habitat changes and polar bear reproduction in Baffin Bay (BB) and Kane Basin (KB), however, has not been studied.
The present study utilized satellite telemetry data collected on the BB and KB subpopulations from 1991 to 1997 and those from 2009 to 2015 to determine if any shifts in polar bear maternity den phenology and habitat characteristics have occurred over space and time. We hypothesized that in comparison with the 1990s data, pregnant females in the 2000s would leave their dens earlier over time in correlation to the earlier break-up of sea ice. It was also expected that den site characteristics would remain the same over time in accordance with the results of previous studies (Messier et al. 1994; Ferguson et al. 2000) .
Methods

Study area
Our study area spanned roughly 1.28 9 10 6 km 2 from 65°N to 82°N and from 50°W to 85°W, including Baffin Bay to the south and the Kane Basin region to the north (Fig. 1) . Baffin Bay is a deep-water bay framed by Greenland to the east and Baffin Island to the west. The bay is characterized by a seasonal ice cycle where sea ice almost completely disappears by late summer and begins to refreeze starting in October, followed by a period of complete cover from December to April (Tang et al. 2004 ). In spring, warm water flowing northward in the West Greenland Current melts sea ice along the western edge of Greenland in a counterclockwise pattern (Tang et al. 2004) , with the last ice melting along the coast of Baffin Island (Ferguson et al. 1997) . The height of the coastal mountains on islands surrounding Baffin Bay, including Baffin Island, has a strong effect on precipitation patterns in the region with peak precipitation occurring in October (Seidel 1987) . Due to its high-elevation mountainous terrain ([2000 m; Ferguson et al. 1997) , the eastern coast of Baffin Island receives more precipitation in the form of snow than surrounding islands (Andrews and Barry 1972; Crowe 1976; Maxwell 1980 Kane Basin lies to the north of Baffin Bay between Ellesmere Island and Greenland. Smith Sound and the North Water Polynya border the region to the south; and the Kennedy Channel borders the region to the north (Fig. 1) . Sea ice patterns in the Nares Strait-Kane Basin region are heavily influenced by the influx of multi-year pack ice flowing south from the Arctic Ocean and locally formed ice (Tang et al. 2004; Preußer et al. 2015) . The coasts of the islands bordering Nares Strait-Kane Basin, including Ellesmere, Coburg, and Devon Islands ( ; Ingram et al. 2002) . The Baffin Bay (BB) polar bear subpopulation is contained within the borders created by the North Water Polynya to the north; the coast of Greenland to the east; Baffin Island, Nunavut, Canada, to the west; and Cape Dyer, Baffin Island, and Sisimiut, west Greenland, to the south (Taylor et al. 2001 (Taylor et al. , 2005  Fig. 1 ). The Kane Basin (KB) subpopulation is contained within the boundary set by the North Water Polynya to the south; Greenland to the east; Ellesmere Island, Canada, to the west; and the Kennedy Channel to the north (Taylor et al. 2001 (Taylor et al. , 2008 PBSG 2010; Fig. 1) .
Although polar bears in BB and KB are genetically similar (Paetkau et al. 1999) , they are considered two separate subpopulations based on movement studies (Taylor et al. 2001; SWG 2016) . The two subpopulations occupy areas with markedly different sea ice regimes. Baffin Bay forms part of the seasonal ice ecoregion, characterized by the formation and near-complete melting of sea ice each summer (Amstrup et al. 2008) . In contrast, the Nares Strait-Kane Basin area is incorporated into the archipelago ecoregion, historically characterized by yearround sea ice habitat (Amstrup et al. 2008; Hamilton et al. 2014) . However, in the recent decades, sea ice conditions in the Kane Basin region have become more variable and seasonal in nature (Hamilton et al. 2014; Stern and Laidre 2016) . Stirling et al. (1989) , and equipped with Telonics TAW-4610H satellite telemetry collars (Telonics, Mesa, AZ). Collars transmitted temperature and activity data during a 6-h period, while position coordinates were transmitted for an 8-h period every 4 days. Temperature was measured by a thermistor within the collar, and activity level was quantified as the count of state changes of a mercury tip-switch sensor (Fischbach et al. 2007) . Although the temperature readings are influenced by the animal's body temperature, they are accepted as a general representation of the ambient temperature of the surrounding habitat (Harris et al. 1990 ).
We extracted temperature data from downloaded Argos files using the Telonics Data Converter software (Version 2.21; Telonics, Mesa, AZ). The Argos Data Collection and Location System (Toulouse, France) received all transmissions from the collars and assigned a location-quality score (LQ) based on an error radius calculated using the frequency and strength of messages received by the satellites. Positions with an LQ of 0, 1, 2, and 3 are within [1500, 500-1500, 250-500, and \250 m of the true position of the animal, respectively (CLS Argos User Manual 2016). LQ scores of A, B, and Z are of unknown or poor quality. Positions with LQ scores of 1-3 were primarily used for this study, although some entry/exit dates had to be determined using poorer-quality positions due to gaps between best-quality positions.
Argos files for each month were filtered by a speeddistance-angle filter from the ''Argosfilter'' package developed by Freitas et al. (2008) in the statistical software program R.3.0.2 (R Core Team 2013). The filter calculates the distance between two successive positions and determines whether this distance exceeds the maximum sustainable velocity for a polar bear, which we set as 10 km h -1 . Any points inconsistent with the plausible upper travel speed limit were removed from the database.
The 1990s den data were determined by Ferguson et al. (1997 Ferguson et al. ( , 2000 using satellite telemetry collected from adult females in Baffin Bay (n = 42 bears) and Kane Basin (n = 10 bears) from 1991 to 1997. The 1990s datasets included 29 dens from BB and nine from KB, and the data consisted of one position per day along with the coordinates of the den sites. We did not have access to the raw 1990s data and thus were unable to apply the same filtering method to both datasets.
Determining den locations for the 2000s dens
Solitary females or females with two-year-old cubs are typically considered candidates for denning the following winter after capture (Wiig 1998) . However, we chose to examine the location and temperature data for all adult females, including those with cubs-of-the-year or yearlings, from July to June of each year the collars actively transmitted. The activity data provided by the collars were not used in detecting denning behavior since it was difficult to discern between periods of high and low activity during the denning period. Only one position, selected by choosing the first position with the best LQ score, and the daily average temperature were used for each day. We removed temperature readings C40°C or B-40°C which were considered outliers before calculating the average daily temperature (Tchernova 2010) . Three variables signal that a female is in a den: high temperature readings compared to ambient air temperature (10-40°C warmer), constant position on land, and decreased quality and frequency of transmissions (Amstrup and Gardner 1994; Messier et al. 1994; Born et al. 1997; Wiig 1998; Fischbach et al. 2007 ). Temperature data were available for all BB bears; however, only four of the KB bears provided useable temperature data.
Position data were particularly coarse as points within the denning period did not closely center on a single den position. For their study, Andersen et al. (2012) used the first best-quality position after emergence as the den position. However, since the collars for the present study transmitted for only a 6-to 8-h period every 4 days, an instrumented bear could have traveled some distance away from the actual den site before providing a high-quality position. Instead, we devised a method to determine the den site positions for the 2000s bears. First, we inspected the data for all adult females for sustained high temperatures ([0°C), decreased transmission quality and frequency, and a stationary position on land during the denning period (September-March). Since females give birth in mid-November to mid-January (Harington 1968; Derocher et al. 1992) , they should be in their dens from December to February. Therefore, we created a subset of the position data for each denning candidate during this period and mapped the points in ArcMap v.10.1 (Environmental Systems Research Institute, Inc.
[ESRI] 2012). The point files were then separated based on their LQ score, after which we created a buffer around each point with radii equivalent to the maximum error estimate for each LQ score (LQ 1 had a buffer of 1500 m, LQ 2: 500 m, LQ 3: 250 m). The mean center of the intersection of these buffers was then determined as the den position. This approach provides a probable location for each den site based on the error estimate of the satellite telemetry positions during the denning period, and is independent of the number of positions as well as spatial outliers.
Not all dens were determined using this method since some of the bears had sparse location data within the denning period, or the buffers did not overlap. Consequently, the den positions in these cases had to be determined using variants of the buffer method (shelter dens n = 5; maternity dens n = 6). Among the five shelter dens, three of the dens only had LQ 1 and LQ 3 buffers, or LQ 2 and LQ 3 buffers; thus, the mean centers of the intersection between the two buffers were used as the den sites. For the other two shelter dens as well as three of the six maternity dens, the three LQ buffers did not overlap, and therefore, the mean centers of the points were used as the den sites. For the remaining three maternity dens, the bears had sparse data during the denning period (December-February), and thus, subsets of the points were used to calculate the mean centers as the den sites.
Maternity den phenology analyses
Duration of den occupation was used to distinguish between bears denning in maternity dens and those denning in shelter dens. Although we quantified the number of shelter dens for each subpopulation, we did not analyze the phenology and habitat characteristics of the shelter dens. In addition to denning duration, we calculated and compared the entry and exit dates for the 2000s maternity dens to the 1990s data (Ferguson et al. 2000) . Most entry dates (n = 27) for the 2000s dens were determined by creating a 1-km buffer around each den site and taking the median date between the last transmission outside of the buffer and the first transmission inside the buffer. The entry date was then verified by comparing the autumn temperature data for each denning bear with temperature readings from a nondenning bear that same year to check for a difference of more than 10°C. The dates when the temperature readings diverged by C10°C were then compared to the entry dates determined by position data. The exit date for each den was established as the median date between the female's last transmission from the den and the first movement outside the den, as indicated by a significant drop in temperature and movement outside of a 1-km buffer around the den site. Details on determination of entry and exit dates for all dens can be found in Appendix I of Escajeda (2016) . Den entry and exit dates were measured as day-of-year (DOY day #1 is 1 January), which we then used to calculate denning duration in number of days (Messier et al. 1994; Born et al. 1997; Wiig 1998; Ferguson et al. 2000 ).
We applied two-sample Mann-Whitney U tests to the maternity den temporal data from the two subpopulations to test for differences between the entry/exit dates and denning duration between the 1990s and 2000s datasets without assuming normality. In addition, we calculated a Kendall rank-correlation coefficient to test for correlation between den phenology and latitude. An alpha value of 0.05 was used for all statistical analyses.
First date on land
In addition to analyzing den phenology, the date of entry onto land was determined for each pregnant female. First date on land (FDOL) was defined as the date that the bear first came onto land without returning to the sea ice until she emerged from her den in spring. In the 2000s datasets, some (n = 5) of the FDOLs had to be determined using poorer-quality positions (LQ of 0, A, B, and Z) due to gaps between best-quality positions. For seven of the 1990s maternity dens, the date that the bears first came onto land was also the listed den entry date. Two BB bears in the 2000s dataset returned to the sea ice before entering their den, and thus had two FDOLs: (1) the first date they came onto land in the late summer/early autumn, and (2) the date they came back on land before entering their dens. Twosample Mann-Whitney U tests were applied to two data matrices: BB bears with first FDOL for the two bears, and BB bears with the second FDOL.
Den habitat characteristics analyses
All den positions were imported into ArcMap and overlaid with a digital elevation model (DEM) of the study area. The DEM consisted of a mosaic of tiles from the Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation Model (ASTER GDEM Version 2), a product of Japan's Ministry of Economy, Trade, and Industry (METI) and the United States National Aeronautics and Space Administration (NASA). The ASTER GDEM had an overall vertical accuracy of 17 m at the 95% confidence level. The DEM was produced at a 22.625 9 22.625 m resolution in the WGS 1984 datum and projected in a North Pole Stereographic projection with a central meridian of -55°W. The elevation, aspect, and slope of each den site were extracted from the DEM, while straightline distance to the nearest shoreline was measured using a vector coastline of Canada (US Defense Mapping Agency). Aspect gives the direction of the maximum rate of downslope change from a cell to its neighbors (in degrees), while slope measures the rate of maximum change of elevation (in degrees). Two-sample Mann-Whitney U tests were used to compare elevation, slope, and distance to coast of maternity dens between the 1990s and 2000s datasets. Den aspects were tested for uniform circular distribution using a Rayleigh's test, and the two datasets were compared using a nonparametric two- 
Results
Baffin Bay subpopulation
Our analysis identified 21 BB dens between 2009 and 2015, including 16 maternity dens (Fig. 1) and five shelter dens (Fig. 2) . Ferguson et al. (1997) found 29 dens from BB in 1991-1997 with eight maternity dens and 21 shelter dens. All but one of the dens from the BB subpopulation were located on land (one 1990s shelter den was located on landfast ice inside a fjord near the shore of Baffin Island), and the majority were found on Baffin Island (n = 38). Exceptions included four dens located on Bylot Island, two dens on Coburg Island, one den on Devon Island, one den on Prince Wales Island, and two dens in the Melville Bay region of northwest Greenland (maternity dens Fig. 1 ; shelter dens Fig. 2 ). The maternity den on Greenland was included in the phenology analyses but not the habitat characteristics analyses since we did not have any dens in Greenland in the 1990s datasets for comparison. One BB bear denned a little less than 35 km away from Qikiqtarjuaq, Baffin Island, Canada, while most bears denned far from human settlements ( x = 143.1 km).
There were a few interesting cases to note from the BB subpopulation. One bear used a den in 2012 that was *1.25 km away from her previous denning site from 2009 on a peninsula close to Eglinton Fjord, Baffin Island. This was the only case where a bear exhibited fidelity to a denning area among the bears that built a maternity den twice in our dataset (n = 3). The other females denned in areas far from previous den sites ([300 km). Also, another female constructed two maternity dens in consecutive years (2011 and 2012), indicating that she either lost her cubs, or her pregnancy failed.
Kane Basin subpopulation
For the KB subpopulation, nine dens were identified from 2012 to 2015, consisting of three maternity dens ( Fig. 1 ) and six shelter dens (Fig. 2) . Ferguson et al. (1997) identified nine dens total with three maternity dens and six shelter dens from 1992 to 1995. Almost all dens were on land, except for one 1990s shelter den that was located on landfast ice *9 km from the shore of Ellesmere Island. Most dens were located on Ellesmere Island except for three shelter dens on Devon Island (Figs. 1, 2) . No females from the KB subpopulation denned on Greenland. 
Maternity den phenology
In the BB subpopulation, female polar bears in the 2000s on average spent 27 fewer days in their maternity dens ( x = 167.1 days, SD = 27.6 days, n = 15) than in the 1990s ( x = 194.1 days, SD = 21 days, n = 8; MannWhitney U = 23.5, p = 0.017; Table 1 ). Timings of den entry differed significantly among the two periods (MannWhitney U = 96, p = 0.018); however, we did not find a significant difference among exit dates (Mann-Whitney U = 73.5, p = 0.399). The median entry date for the 2000s dens (3 October) was more than a full month later than the median date of entry for dens in the 1990s (29 August). Therefore, differences in entry dates accounted for the observed difference in duration among the two time periods. There was no significant correlation between latitude and den entry (s = 0.135, p = 0.383), exit date (s = 0.194, p = 0.212), or den duration (s = -0.167, p = 0.278) for the BB maternity dens.
For the KB subpopulation, the sample sizes were too small to conduct statistical tests for differences in den duration, entry or exit dates between the two time periods (Table 1) . We were also unable to test for correlation between latitude and maternity den phenology.
First date on land
Most of the bears came onto land and then slowly made their way to the den area. BB bears averaged 9 days from the FDOL to the den entry date in the 1990s compared to 58 days in the 2000s. KB bears had a narrower gap with an average of 20 days between the FDOL and den entry date in the 1990s and 32 days in the 2000s. With the first FDOL for the two BB bears, the overall FDOL for BB maternity dens advanced from a median DOY of 237 (SD = 19, n = 8) in the 1990s to a median DOY of 219 (SD = 9.1, n = 16; Mann-Whitney U = 112, p = 0.002; Fig. 3 ) in the 2000s. The second FDOL matrix produced similar results; however, the median for the 2000s dens was later at a DOY of 221 (Mann-Whitney U = 100.5, p = 0.024). For KB maternity dens, FDOL advanced from a median DOY of 261 (SD = 31, n = 3) in the 1990s to a median DOY of 235 (SD = 20.8, n = 3; Fig. 3 ). 
Den habitat characteristics
Discussion
The purpose of this study was to determine whether the phenology and habitat characteristics of polar bear maternity dens have shifted in BB and KB since the 1990s. In BB, maternity den duration in the 2000s was significantly shorter than the duration in the 1990s due to females entering their dens later in the autumn. In addition, compared to BB maternity dens in the 1990s, dens in the 2000s were found at higher elevations and steeper slopes. Den aspect also varied between the two time periods, with more dens at southerly aspects in the 2000s than those in the 1990s. BB adult females, whether pregnant or not, also came onto land significantly earlier in the year in the 2000s. We were unable to detect any shifts in KB maternity denning patterns due to small sample sizes (Table 2) . There are a limited number of studies examining polar bear maternity denning phenology and, like this study, only focus on a subset of polar bear subpopulations. For the East Greenland subpopulation, Laidre et al. (2015b) compared maternity dens during 2007-2010 to den data from 1993 to 1998 published by Born et al. (1997) and Wiig et al. (2003) . Even though this region has experienced significant ice loss since the 1990s, Laidre et al. (2015b) found that females entered their dens earlier ( x = 6 October; p = 0.064) and had longer denning duration ( x = 174 days; p = 0.097) in 2007-2010 than in 1993-1998 (entry date x = 26 October; duration x = 158 days). Exit dates did not differ between the two periods (1993 ( -1998 -2010 x = 29 March; p = 0.609; Laidre et al. 2015b ). According to a study by Wiig (1998) on Barents Sea females denning in Svalbard, Norway, from 1988 to 1993, the average entry date was 7 November, and duration lasted on average 153 days. As for exit dates among the Barents Sea subpopulation, Wiig (1998) reported (1994) found that bears in the Viscount Melville Sound subpopulation entered their dens earlier during 1989-1992 ( x = 17 September) in comparison to qualitative data on polar bears in the High Arctic (Harington 1968; Jonkel et al. 1972; Stirling et al. 1980) . Exit dates in Messier et al. (1994) were about the same. Harington (1968) directly observed females entering their dens on eastern Baffin Island from 1-7 October, considerably later than the range for the 1990s dens published by Ferguson et al. (2000) and reported here (1990s entry date x = 7 September; 2000s entry date x = 5 October); however, his methods did not utilize satellite telemetry. From these studies, it is clear that den entry dates and duration vary among subpopulations, whereas females leave their dens around the same time frame (March-April). More research is therefore needed to further elucidate the extent of plasticity in denning phenology in response to changing habitat conditions in polar bear subpopulations occupying areas with different sea ice regimes.
Previous works examining shifts in den distribution are similarly restricted to a small portion of the polar bear range, and most of them examined shifts in den distribution in relation to changes in sea ice (Southern Beaufort Sea: Fischbach et al. 2007; Olson et al. 2017; Barents Sea: Derocher et al. 2011) . Continued monitoring of changes in den phenology and habitat in BB, KB, and other subpopulations is needed.
There have been extensive changes in the BB region in the past few decades. Break-up of sea ice has advanced, forcing bears on shore *30 days earlier in the summer (SWG 2016) . In BB, the sea ice melted an average of 7 days per decade earlier in the spring and formed an average 5.2 days per decade later in the autumn from 1979 to 2013, lengthening the ice-free period (Laidre et al. 2015a) . Reduced access to sea ice has been to shown to negatively affect the mass of potentially pregnant females in other subpopulations (Stirling and Parkinson 2006; Regehr et al. 2010) . The body fat of a pregnant female determines her ability to successfully reproduce, and her mass is directly correlated with the mass of her cubs at emergence Stirling 1996, 1998; Derocher et al. 2011) . If females arrive on Baffin Island in poor condition, they may require more time hunting in remnant coastal fast ice, or remains of the pack ice, to build up fat reserves before denning. The longer period between arrival on land and den entry among the BB bears in the 2000s dataset supports this hypothesis (58 days in the 2000s compared to 9 days in the 1990s).
Also, two BB females in the 2000s dataset returned to the sea ice in the late autumn after they arrived on Baffin Island. However, entry dates from these two females did not affect the statistical significance of the results (den entry p with these bears removed = 0.042). Previous studies have documented pregnant females hunting out on the sea ice as late as December (Koettlitz 1898; Harington 1962) , as well as bears leaving their dens to return to the coast to hunt (Harington 1964) . With less time to hunt out on the sea ice in BB, bears are coming onto land in poorer condition (Rode et al. 2012; SWG 2016) . Thus, pregnant females in BB may be under food stress due to early sea ice break-up and, consequently, may try to maximize their time hunting and scavenging rather than immediately establishing a den site. Alternatively, as the sea ice melts earlier and snowfall is reduced, bears may have to travel farther to access preferred habitat (Derocher et al. 2004 ). For pregnant females, this means traveling greater distances to find favorable denning locations. In general, female polar bears do not exhibit fidelity to specific den sites, but some have shown fidelity to general denning areas (Ramsay and Stirling 1990; Amstrup and Gardner 1994; Zeyl et al. 2010) . A female may select a den site known to have a relatively short route back to desirable hunting grounds once she emerges in the spring (Ramsay and Andriashek 1986; Ramsay and Stirling 1990) . By this reasoning, if a female is on land far from optimal habitat, she may choose to travel to more favorable denning regions even if it means establishing her den later in the year.
The most congruent explanation for the average 28-day delay in BB entry dates and the observed increases in elevation and slope is that there are fewer multi-year snowdrifts at lower elevations due to warmer temperatures. Females in 2009-2015 likely climbed to higher elevations to find suitable snow accumulations in which to excavate dens of suitable size (Liston et al. 2016) . Thus, the presence of snowdrifts is most likely an important factor in den selection for BB females. Examining average snow depth as well as the distribution of snowdrifts in maternity denning regions should be explored in future studies.
In addition to higher elevations and steeper slopes, BB dens in the 2000s were primarily south-facing (n = 9 out of 15) in contrast to the 1990s when there were more northfacing dens (n = 5 out of 8). In the Canadian Arctic Archipelago, south-facing mountain slopes tend to have more snow due to precipitation transport by northerly winds (Harington 1968; Schweinsburg et al. 1984) . They also receive more solar radiation in the spring, creating a warmer environment for the cubs when they emerge (Van de Velde 1957; Harington 1962) . It is possible that in the 1990s, females were able to select snow drifts retained from previous winters on north-facing aspects. In the 2000s, these snowdrifts may have been less available, and consequently, females selected south-facing aspects that provided the earliest snow accumulations from early-winter storms. More recent observations on the relationship between aspect, and snowdrift deposition and retention are needed to support this hypothesis.
Using satellite telemetry data, we developed a procedure for modeling den positions and calculating entry and exit dates using the polar bears' movement and temperature data. Since we were unable to ground-truth our methods, the phenology results and den positions for the 2000s dens are approximations. In addition, because the raw 1990s data were not available, we could not independently determine the 1990s den positions or entry/exit dates. Nonetheless, the difference in BB denning phenology, elevation, slope, and aspect between the 2000s and 1990s is remarkable and statistically significant.
Phenological studies require long term monitoring and years of observations in order to connect phenology shifts to environmental modifications brought on by climate change. In general, a minimum of *20 years of continuous data is recommended for studies examining the biological impact of climate change (Rosenzweig et al. 2008; Brown et al. 2016) . Our data span a period of substantial environmental change in Baffin Bay and thus offer a view of how polar bear denning behavior may be responding to these changes. Of note, we did not monitor the subpopulations between 1997 and 2009, thus creating a gap in the time series. To confidently ascribe the shift in den entry dates to climate change, more data over a longer time span are needed. Rapid changes occurring in the Arctic due to climate warming, however, leave little doubt that a lack of adequate denning substrate in the form of snowdrifts and early sea ice break-up may be affecting maternity denning in BB. The results of this study highlight the need for monitoring changes in snowpack and sea ice throughout the Arctic, and for better understanding of their impact on maternity den phenology and habitat selection. 
